vaccine (15) because of the strain independence of the CS proteins. Extensive cross-reactivity has been observed between the CS proteins from different strains of P. cynomolgi (16) , P. vivax (17) , and P. falciparum (17) . In the case of P. knowlesi, only two strains (H and P strains) have been tested, and they showed weak cross-reactivity (15) . Since the repeating units constitute the immunogenic epitope, recent emphasis has been on making protective antigens by means of synthetic peptide units coupled to a carrier molecule (18) . In view of the extreme differences in the repeating peptide units in the two P. knowlesi strains, the utility of such synthetic protective antigens may be limited. Indeed, the CS protein of the Nuri strain does not crossreact with the antibody to the repeat region of the H strain CS protein (19) . Recent reports (7, 20) When the animal attended to the location of the effective stimulus at the time of presentation of either the sample (S) or the test (T), the cell gave a good response (left), but when the animal attended to the location of the ineffective stimulus, the cell gave almost no response (right), even though the effective stimulus was present in its receptive field. Thus the responses of the cell were determined by the attended stimulus. Because of the random delay between the sample and test stimulus presentations, the rasters were synchronized separately at the onsets of the sample and test stimuli (indicated by the vertical dashed lines). (B) Same stimuli as in (A), but the ineffective stimulus was placed outside the receptive field. The neuron responded similarly to the effective sensory stimulus, regardless of which location was attended.
attend to the stimuli at one location but and test stimuli, affording two opportunities to observe the effects of attention on stimuli at one location in the receptive each trial (2) .
field always differed in some sensory We recorded from 74 visually respon-quality, such as color, from the ineffecsive cells in prestriate area V4 of two tive stimuli at the other location. Thus rhesus monkeys and found that the locus attenuation of the response to an ignored of the animal's attention in a cell's recep-stimulus could have been based on either tive field had a dramatic effect on the its location or its sensory qualities. For cell's response (Fig. IA) . When an effec-example, for the cell described in the tive and an ineffective sensory stimulus legend to Fig. 1 , effective horizontal or were present in a cell's receptiye field, vertical red bars were presented at one and the animal attended to the effective location while ineffective horizontal or stimulus, the cell responded well. When vertical green bars were presented at the the animal attended to the ineffective other. When the monkey attended to the stimulus, however, the response was green bars, the cell's response to the greatly attenuated, even though the irrelevant red bars might have been ateffective (but ignored) sensory stimulus tenuated because they were red or bewas simultaneously present in the recep-cause they were at the wrong location. tive field. Thus when there were two To test whether attenuation could be stimuli in the receptive field the response based on spatial location alone, for some of the cell was determined by the proper-cells we randomly intermixed the stimuli ties of the attended stimulus.
at the two locations so that, for example, To characterize the magnitude of the red or green could appear at either spaattenuation, an attenuation index (AI) tial location on any trial. was derived for each cell by dividing the When the locations of the effective response (minus baseline) to an effective and ineffective sensory stimuli were stimulus when it was being ignored by switched randomly, the responses of the response to the same stimulus when cells were still determined by the stimuit was being attended. For the large lus at the attended location. Cells remajority of cells in V4, the outcome of sponded well when the effective sensory ignoring an effective sensory stimulus in stimulus appeared at the attended locathe receptive field was to reduce the tion and poorly when it appeared at the response by more than half (median AI, ignored location (median AI, 0.57 for the 0.36 for the sample stimulus and 0.33 for sample and test stimuli). Thus attenuathe test) ( Fig. 2A) .
tion of irrelevant information can be
In the design described, the effective based purely on spatial location. 23 When attention is directed to one of two stimuli in the receptive field of a V4 cell, the effect of the unattended stimulus is attenuated, almost as if the receptive field has contracted around the attended stimulus. What, then, would be the effect on the receptive field if attention were directed outside it? To answer this, for 112 visually responsive cells (including 51 in the original sample) we placed an effective sensory stimulus inside the receptive field and an ineffective stimulus outside (Fig. TB) . The cells gave a good response regardless of which stimulus was attended (Fig. 2B) . Thus, when attention is directed outside a receptive field, the receptive field appears to be unaffected. Furthermore, since the firing rates of cells were the same regardless of whether attention was directed inside or outside the receptive field, we can conclude that attention does not serve to enhance responses to attended stimuli.
To test whether the attenuation of irrelevant information also occurs at the next stage of processing after V4, we recorded from 161 visually responsive neurons in the IT cortex. As in V4, when the animal attended to one stimulus inside the receptive field and ignored another, the response to the ignored stimulus was reduced. Unlike receptive fields in V4, which were typically 20 to 4°wide in the central visual field, those in the IT cortex were so large that the responses of cells could be influenced by attention to stimuli throughout at least the central 120 of both the contralateral and ipsilateral visual fields (the maximum distance that could be tested). The magnitude of the effect was somewhat smaller than in V4 (Fig. 2C) , possibly because IT neurons generally gave weaker, more variable responses than neurons in V4.
The results from area V4 and the IT cortex indicate that the filtering of irrelevant information is at least a two-stage process. In V4 only those cells whose receptive fields encompass both attended and unattended stimuli will fail to respond to unattended stimuli. In the IT cortex, where receptive fields may encompass the entire visual field, virtually no cells will respond well to unattended stimuli.
In contrast to area V4 and the IT cortex, there was no effect of attention in VI. When relevant and irrelevant stimuli were in a receptive field (typically 0.50 to 0.90 wide), the animal could not perform the task. When one stimulus was located inside the field and one just outside, the monkey was able to perform the task, but, as in V4 under this condition, attention had little or no effect on the cells (Fig. 2D) .
Our results indicate that attention gates visual processing by filtering out irrelevant information from within the receptive fields of single extrastriate neurons. This role of attention is different from that demonstrated previously in the posterior parietal cortex (3), to our knowledge the only other cortical area in which spatially directed attention has been found to influence neural responses. In the posterior parietal cortex, some neurons show enhanced responses when an animal attends to a stimulus inside the neuron's receptive field compared to when the animal attends to a stimulus outside the field.
Since parietal neurons have large receptive fields with little or no selectivity for stimulus quality, these cells may play a role in directing attention to a spatial location (4), but by themselves do not provide information about the qualities of attended stimuli. By contrast, in area V4 and the IT cortex selective attention may allow the animal to identify and remember the properties of a particular stimulus out of the many that may be acting on the retina at any given moment. If so, then the attenuation of response to irrelevant stimuli found in V4 and the IT cortex may underlie the attenuated processing of irrelevant stimuli shown psychophysically in humans (5) . 784 locus could be similarly involved in proto-oncogene activation (1).
Cells from two (8511 and 8508) acute T-cell leukemias (ALL) that are characterized by a t(11;14) (pl3;qll) chromosome translocation (5) were hybridized with BW5147 mouse T-cell lymphoma cells deficient in hypoxanthine phosphoribosyltransferase (6) . The hybrids were selected in HAT (hypoxanthine, aminopterin, thymidine) medium containing 10-7 M ouabain (7). Several hybrids were derived from the fusion of BW5147 cells with 8511 leukemia cells (hybrid number 517), while the others were derived from the fusion of BW5147 cells with 8508 leukemia cells (hybrid number 515) ( Table 1 ). In T cells from ALL patients with a t(11;14) translocation, the breakpoint on chromosome 14 has been previously assigned to band 14ql3 (5), but karyologic analysis of our ALL hybrids indicates that the breakpoint is probably closer to the centromere and involves band 14q1 1 (Fig. 1 ), in agreement with other reports (2) . The breakpoint on chromosome 11 may also be more proximal than the p13 location previously reported (5) .
The presence of the relevant chromosomes in the hybrid clones is summarized in Table 1 . Southern blot analysis of DNA from the hybrids (Fig. 2) indi-SCIENCE, VOL. 229 Locus of the a-Chain of the T-Cell Receptor is Split by Chromosome Translocation in T-Cell Leukemias Abstract. Mouse lymphoma cells were hybridized with two human acute T-cell leukemias with a t(J1;14) (pJ3;qJJ) translocation and the segregated hybrids were examinedfor the presence of the DNA segments coding for the constant (C) and the variable (V) regions ofthe a chain (C,,, and VOX.) ofthe T-cell receptor. The Ca segment was translocated to the involved chromosome 11 (llp+) while the Va segment remained on the involved chromosome 14 (14q-). The data indicate that the locus for the a chain of the T-cell receptor is split by the chromosomal breakpoint between the Va, and the Ca, gene segments, and that the Va segments are proximal to the Ca segment within chromosome band 14ql l.2.
